(cytotoxin or enterotoxin) and cx-and 3-hemolysins and the ability to bind to and invade epithelial cells (13, 16, 19, 25, 29) .
The occurrence and isolation of Vibrio spp., including Aeromonas spp., from marine water in the Gulf of Naples in Italy has recently been reported by Dumontet (7) . Since these aquatic environments may represent a source of human infections, we studied the putative virulence markers of these pathogens, namely, the production of cytotoxin, enterotoxin, hemolysin, and dermonecrotic factors and adhesion to human intestinal cells. Furthermore, the purpose of this study was also to compare the virulence profiles of different Aeromonas strains isolated from an aquatic environment and from cases of human infection in southern Italy and to determine whether they had similar putative virulence factors which may be involved in the pathogenesis of Aeromonas-associated human disease.
Sea sediment samples were collected along the Gulf of Naples (Tyrrhenian Sea). The sediments (100 g) were Hospital of the Neapolitan Unita Sanitaria Locale. All strains were isolated from the feces of human patients with diarrhea (five male and three female patients, ranging in age from 8 to 64 years). In one case, Aeromonas hydrophila (strain 7H) was isolated together with another enteropathogen, Salmonella sp. group B, whereas A. hydrophila was the only pathogen isolated from the remaining patients.
The homogenized samples were inoculated into peptonewater (Merck, Darmstadt, Germany) and incubated at 37°C for 24 h. The materials from these enrichment samples were transferred with a loop to glutamate-starch-phenol red (GSP) agar and thiosulfate-citrate-bile-sucrose (TCBS) agar (E. Merck, Darmstadt, Germany) and incubated at 37°C for 24 h. Yellow colonies 2 to 3 mm in diameter surrounded by a yellow zone on GSP agar and yellow or blue colonies on TCBS agar which were gram-negative rods, motile, and oxidase positive and fermented glucose (O/F test) were further biotyped with the API 20 NE system according to the manufacturer's instructions (API 20 NE 69280; Analytab Products, Marcy-l'Etoile, France). All of the human isolates showed identical biochemical patterns, while the environmental strains showed variable patterns of reaction for amygdalin only.
These A. hydrophila isolates were streaked onto blood agar (5% horse erythrocytes in brain heart infusion [BHI] agar [Difco Laboratories]) and incubated at 37°C for 20 h. The bacteria were further inoculated into BHI broth and incubated at 37°C for 20 h. Cultures were harvested by centrifugation at 16,000 x g and 4°C for 30 min, and the supernatants were membrane filtered (Millipore; 0.22-,um pore size). The sterile cell-free culture filtrates were tested for the presence of hemolysins, cytotoxins, cytotonic toxins, enterotoxins, and dermonecrotic factors.
The cytotoxic/cytotonic activity of the culture filtrates of A. hydrophila strains was detected by using Chinese hamster ovary (CHO)-K, cells as described previously (7) . Briefly, these activities were determined by microscopic examination of the cell monolayers after 18 to 24 h of incubation at 37°C of CHO-K, cells with the sterile culture filtrates. The highest dilution of the culture filtrate producing cytopathic effects, identified as rounding of the cells, was designated the cytotoxic titer, whereas the elongation of CHO-K, cells was attributed to cytotonic toxin activity. The enterotoxic activity of the culture filtrates was tested in the rabbit ligated intestinal loop assay, which was performed in rabbits weighing 2.5 kg (27) . The production of dermonecrotic factors was investigated by the rabbit skin test as described by Craig (6) . Culture filtrates from A. hydrophila strains were assayed for hemolytic activity against bovine erythrocytes (1%, vol/vol) as described previously (17) .
A. hydrophila strains were cultured at 37°C for 24 h with and without shaking (60 rpm), and their ability to adhere to human intestinal cells (intestine 407, ATCC CCL6; Flow Laboratories, Irvine, Scotland) was studied by methods described earlier (12) .
A total of 14 isolates from sea sediment and 8 isolates from human diarrhea cases were identified and confirmed as A. hydrophila, and each of these isolates produced a variety of virulence factors to different extents ( Table 1) . None of the sea sediment isolates produced cytotonic toxins, and only three isolates showed the production of dermonecrotic factors (Table 1). Although a majority of these isolates produced demonstrable amounts of cytotoxic activities in CHO-K1 cells, the activities of only three isolates could be observed at a reciprocal titer of 1,000. The human isolates, on the other hand, produced relatively greater amounts of cytotoxic activities in CHO-K, cells. These isolates produced weak cytotonic toxin activity demonstrable only in undiluted cell-free culture supernatants. Although all 22 isolates of A. hydrophila from sea sediment and clinical sources produced beta-hemolytic activity against bovine erythrocytes, it was stronger in the clinical isolates (Table 1) . Furthermore, four clinical isolates and three sea sediment isolates produced dermonecrotic factors.
As shown in Table 1 (Fig. 1) . (4, 11, 21) . Recently, Gray et al. (9) reported that many Aeromonas isolates from water and animals (cows and pigs) in Great Britain possessed a full battery of virulence factors, such as cytotoxins, cytotonic toxins, hemagglutinins, and invasins. In addition, Mateos et al. (20) showed that A. hydrophila isolates from the environment were avirulent for mice, whereas human isolates caused lesions and death in these laboratory animals. In two comprehensive studies from Australia, Burke et Aeromonas strains isolated from drinking water, rivers, water reservoirs, and humans. These investigators found that both clinical and environmental strains were capable of producing enterotoxins.
In our study, too, we found that production of enterotoxins, cytotoxins, hemolysins, and dermonecrotic toxins was prevalent in Aeromonas strains isolated from the marine environment and clinical sources. However, Figura et al. (8) reported that there was no significant difference in the occurrence of Aeromonas enterotoxins between strains isolated from human patients and controls. Moreover, our observations are in agreement with those of Okitsu et al. (22) , who found poor correlation between production of hemolysin and enterotoxigenicity in Aeromonas spp., although Burke et al. (4) found a 99% correlation between hemolysin production and enterotoxigenicity. Our findings on the production of cytotoxin, which was observed in both clinical and environmental Aeromonas isolates, correlated with previous findings indicating that cytotoxin production and enterotoxin production were independent properties. Although the skin test has been used previously for the detection of choleragen and Escherichia coli, Aeromonas, and Salmonella enterotoxins, the dermatotoxic effect of fish pathogens such as A. hydrophila, Vibrio anguillarum, and Yersinia ruckeri has also recently been reported (15, 23, 24) . In our investigation, both environmental and clinical isolates were capable of producing dermonecrotic factors to various degrees. However, there was no correlation between the skin reaction and the production of enterotoxins or hemolysin.
For many bacterial enteropathogens, the ability to adhere to intestinal mucosa is a first step in the colonization and development of disease. It has been reported thatAeromonas strains adhere to and invade epithelial cells grown in culture (5, 13, 16) . In our comparative study, all of the strains isolated from marine water sediments and cases of human diarrhea that were investigated had the capacity to adhere to intestinal cells in vitro, and the majority of the isolates were classified as low adherers, with <10 bacteria per intestinal cell. On the other hand, Carrello et al. (5) 
